The perturbation of Neotropical forests generates large disturbances in biological communities. The species that suffer least from the resulting habitat fragmentation are the pioneers, because they possess greater ability to inhabit disturbed environments. Therefore, it is expected that species diversity will be greater in areas subjected to intermediate disturbance, such as the opening of gaps, because a large number of pioneer species will develop and coexist with species of more advanced successional stages. This study aimed to compare two forest remnants that differed in size and disturbance intensity, in order to determine the effects of disturbances on species diversity and the size ratios of individual trees. This was accomplished with comparative analyses of diversity, richness and diameter ratios obtained for 10 plots at two semideciduous forest sites. We recorded a total of 85 species, of which 70 were in the private nature reserve Fazenda Santa Maria, 58 were in Iguaçu National Park, and 43 were at both sites. Diversity was greater in the more disturbed remaining forest, because this area showed higher species richness, which is in accordance with some premises of the intermediate disturbance theory. There was also an increase in the number of pioneer individuals, and the less disturbed area showed individuals with larger diameters, which is likely attribu table to the removal of large individuals from the more disturbed area during the anthropogenic process of forest modification.
Introduction
The constant disturbance of tropical forests, whether by natural events or human activities (destruction of vegetation and conversion or loss of habitat), has led to the fragmentation of these forests into small isolated patches. Disturbances occur more frequently in the fragments, drastically altering species richness, diversity and forest structure (Tanizaki-Fonseca & Moulton 2000; Campos 2006) . Tropical forests in general have high spatial and temporal heterogeneity, which strongly influence species distribution patterns. Plant species in tropical forests grow and establish in a mosaic of different successional stages, whereby the distribution and density of plant populations are influenced by disturbance dynamics (Brokaw 1985; Young & Hubbell 1991) .
Upon the occurrence of a natural disturbance in a forest, such as canopy openings or border effects, pioneer species increase in density in response to increased light availability. The same phenomenon occurs in response to anthropogenic disturbances such as selective logging or changes in land use, and varying intensities and frequencies of these disturbances have different effects on a plant community (Hill & Curran 2003; Laurance et al. 2006; Bongers et al. 2009) . One observed effect is the decrease in diameter of trees and the occurrence of many small individuals (Gomes et al. 2004; Villela et al. 2006) , due to the increased number of young individuals and pioneer species, and reduction of the number of large individuals by selective logging, for example. Such alterations in vegetation structure as a result of disturbance have been observed in several studies on effects of fragment size, edge dynamics, and canopy gaps on woody plant composition in the Atlantic Forest (Alves & Santos 2002; Bertoncini & Rodrigues 2008; Lopes et al. 2009; Oliveira et al. 2004; Oliveira et al. 2008; Ribeiro et al. 2009; Santos et al. 2008) .
Considering those disturbances to the vegetation, it is expected that, as proposed in the intermediate disturbance theory (Connell 1978) , higher species diversity may be maintained at moderate levels of disturbance frequency and intensity because superior competitors, which dominate communities at more advanced successional stages, are more susceptible to disturbance. Therefore, gaps are open for the development of pioneer species, which tolerate unfavorable conditions. Conversely, when disturbance levels are very high, after intense human intervention, for example, all species are at risk of being eliminated. This study therefore aimed to evaluate the effects of disturbance on tree species richness and diversity, as well as on the proportional distribution by diameter, in forest fragments, comparing two sites: a large area of continuous forest that is less disturbed; and a nearby forest fragment that is smaller and more heavily disturbed by human activities.
Material and Methods

Study area
To compare effects of increased disturbance on plant community in forest remnants, we selected two areas. One was a small private nature reserve, the Fazenda Santa Maria, hereafter referred to as the FSM, which was heavily disturbed, whereas the other was less disturbed, representing a large tract of more advanced stage forest, Iguaçu National Park (INP).
The FSM is located in the municipality of Santa Terezinha do Itaipu, in the state of Paraná, and covers 242 ha. This area has been protected since 1955 and was designated a private nature reserve in 1997. The fragment had suffered a moderate degree of human intervention prior to the year 1955, when several species of economic interest were extracted and forest loss in the surrounding land was pronounced. Therefore, edge effects are evident in the remnant, as are gaps caused by logging.
The INP is an ecological reserve in the southwestern region of the state of Paraná, created in 1939 and currently encompassing 185,262 ha (Salamuni et al. 2002) . It contains patches of Araucaria forest (rain forest) and semideciduous forest (Veloso 1991; IBGE 2012) .
Both sampled sites are fragments of semideciduous forest and are on the Third Paraná Plateau, near Foz do Iguaçu, with elevations ranging from 120 m to 540 m (Santos et al. 2006; Maack 2012) . At both sites, the soils are red Oxisols and the climate is humid subtropical (Köppen type Cfa), with an annual mean temperature of 21.5°C and annual rainfall of approximately 1800 mm, of which two thirds are distributed from October to March, mainly in December and January (Bhering & Santos 2008; SIMEPAR 2011) .
Sampling and Analysis
We installed 10 permanent plots using a 20 × 20 m spacing regime, for a total of 0.4 ha in each forest remnant. Plots were demarcated at a distance of approximately 400 m from the forest edge, preventing any clearing or trail opening. Plots in the INP were located between the coordinates 25°31'56.79"S;54°17'32.14"W and 25°31'55.56"S;54°17'22.61"W, and plots in the FSM were located between the coordinates 25°29'30.70"S;54°21'30.61"W and 25°29'32.94"S;54°21'41.36"W, and the distance between the two areas is approximately 8 km. Trees whose circumference at breast height (CBH) was ≥ 15 cm were included in the sampling, as per Rodrigues & Gandolfi (2004) , as were bifurcated stems, if at least one had a diameter ≥ 15 cm. The selected individuals were numbered and observed monthly from September 2010 to November 2011, in order to sample the maximum number of species in flower.
When found, fertile specimens were collected, identified and processed using usual herbarium techniques (Mori et al. 1989; Bridson & Forman 2004) . Voucher specimens were registered at Western Paraná State University Herbarium (code, UNOP). Sterile individuals were also collected, identified and added to a sterile collection in the UNOP Herbarium. For identification of the plant material, we used regional checklists, as well as identification keys, specific bibliography (Lorenzi 2002a (Lorenzi , 2002b (Lorenzi , 2010 Ramos et al. 2008) We analyzed the data using the programs R, version 3.0.1 (R Development Core Team 2013), PAST (Hammer et al. 2001 ) and FITOPAC, version 2.1.2 (Shepherd 2010) . Shannon diversity and evenness indices were obtained for the remnants, as were importance values (IVs) for each species. The IV is an outcome of phytosociological analysis, obtained by summing the percentages of relative density, relative frequency and relative dominance (Shepherd 2010) . To compare diversity indices, we used Hutcheson's t-test (Hutcheson 1970; Zar 1999) .
Rarefaction curves, with their respective 95% confidence intervals, were built according to the number of individuals, in order to compare the species richness estimated for both areas. Results of rarefaction curves constitute an unbiased comparison with other studies, because they are not influenced by variations in the density of individuals and can simulate small sample sizes (Colwell & Coddington 1994; Gotelli & Colwell 2001) . Therefore, the curves were constructed to compare the estimated richness between sites, in case the sampling number were equal between them.
On the basis of data in the literature, were classified the species, by successional stage, as pioneer or non-pioneer species. As is well known, sites that are more disturbed, have canopy gaps or are under greater edge effects are colonized by greater numbers of species and individuals. Therefore, we made two calculations to determine the differences in patterns between the two sites: the chi-square test for total non-pioneer and pioneer species per site; and the chi-square test for proportions of individuals belonging to the pioneer and non-pioneer groups per site.
To examine the difference between the mean diameters in the studied fragments, we used the nonparametric Wilcoxon test at a 5% significance level to identify differences in distributions of tree diameters in the FSM and INP (Zar 1999) . In addition, to determine the differences between the two sites, in terms of the diameter ratios, the number of individuals per class at intervals of 5 cm was calculated, as proposed by Soares et al. (2006) , starting from a minimum inclusion diameter of 4.77 cm, corresponding to the minimum CBH of 15 cm.
Results
In the study area as a whole, we found a total of 1032 individuals belonging to 85 species (Tab. 1): 70 species were present in the FSM, 58 were present in the INP, and 43 were present at both sites. We sampled only one exotic species, Citrus X aurantium, which occurred in the INP.
The first 10 species, in order of IV, accounted for 50% of the total, reflecting a few species with high IVs. The species that were the most well represented, in terms of the number of individuals, were Euterpe edulis, Sorocea bonplandii and Guarea kunthiana (in both areas); Chrysophyllum gonocarpum and Balfourodendron riedelianum (in the FSM only); and Citrus X aurantium and Trichilia catigua (in the INP only).
The Shannon-Wiener diversity values were 2.71 for the IPN and 3.37 for the FSM (Tab. 2), and the difference between the two was statistically significant (t=−6.48, p=1.33
). The evenness values were 0.67 for the INP and 0.79 for the FSM. The higher richness in the FSM was observed in the rarefaction curves (Fig. 1) .
As can be seen in Tab. 3, there was no significant difference between the two sites with respect to the number of species belonging to the analyzed successional groups, pioneer (χ 2 =1.50, p=0.22) and non-pioneer (χ 2 =0.35, p=0.56). Furthermore, the number of individuals belonging to the non-pioneer group did not differ between the two areas (χ 2 =0.34, p=0.56). However, the FSM had a significantly higher number of individuals of pioneer species than did the INP (χ 2 =19.63, p=0.93
) (Tab. 3). The diameter class distribution was significantly different between the two sites (W=110215.5, p=4.26 −6 ). Despite the fact that individuals with a diameter < 15 cm accounted for 80% of the individuals in the FSM (n = 412) and 86% of the individuals in the INP (n = 447), the INP presented some specimens with a diameter > 70 cm, whereas the FSM did not (Fig. 2) .
Discussion
The two analyzed areas shared important species for the Atlantic Forest Biome, such as Aspidosperma polyneuron, Cedrela fissilis and Balfourodendron riedelianum. These species are rare and endangered because they are attractive targets for illegal logging, which underscores the importance of preserving the remaining fragments of semideciduous forest (Hatschbach & Ziller 1995; Ribas et al. 2003; IUCN 2009 ).
Ten species collectively accounted for 50% of the total IV, and seven of those species occurred at both study sites. These high IVs may be related to large diameters, combined with a reasonable number of individuals, reflecting a higher basal area, as noted for Aspidosperma polyneuron, Alchornea triplinervia, Cabralea canjerana and Chrysophyllum gonocarpum, or to small diameters, combined with high numbers of individuals, as noted for Euterpe edulis; Guarea kunthiana and Sorocea bonplandii. In addition, excepting G. kunthiana and S. bonplandii, the five species with the highest IVs were also the most representative for basal area at both sites.
The Shannon-Wiener diversity indices differed between the INP and the FSM. Although other studies of semideciduous forest (Tab. 2) have yielded results consistent with those we obtained for the FSM, the index we obtained for the INP was lower than those reported in all of the studies we reviewed. The same pattern was observed for the evenness index for the INP, which was lower in the present study than in other studies, whereas the evenness index for the FSM was consistent with those of the same studies (Ivanauskas et al. 1999; Bianchini et al. 2003; Jurinitz & Jarenkov 2003; Silva et al. 2004; Costa-Filho et al. 2006; Prado-Júnior et al. 2011) . Connell (1978) proposed that higher species diversity is maintained under intermediate levels of disturbance. Such disturbances occurring at moderate frequency and intensity should promote increased environmental heterogeneity, because pioneer species coexist with species of more advanced successional stages (shade-tolerant species), thus increasing diversity. Therefore, it was not surprising that the more heavily disturbed FSM site, with a history of more intense human activity, had higher diversity and more individuals of pioneer species, which also directly affect diversity, than did the INP site, given that degradation and loss of natural habitat at intermediate levels enable a wider range of species to become established (Hunter 1996; Wilson 1997; Hernandez-Stefanoni 2005) . Nunes et al. (2003) found similar results in a study conducted in a semideciduous forest, where the borders of fragments were more diverse than were the interiors, due to the emergence of light-demanding pioneer species. In dry areas of a tropical forest, similar to our study area, Bongers et al. (2009) showed that increases in pioneer species and diversity were interconnected with increased disturbance, supporting the theory of intermediate disturbance. However, the authors found that the occurrence of disorders did not significantly alter the diversity in wetlands.
We can conclude that the alterations caused by disturbances in the FSM did not lead to a significant increase in the richness of pioneer species, as would have been expected, but rather in the number of pioneer individuals compared to the pattern observed in the INP. Disturbed Table 1 . Families, species, number of individuals, successional groups and importance values of the analyzed fragments. Successional group (SG) of the species observed: pioneer (P) and non-pioneer (NP). Number of individuals for the species present in the Iguaçu National Park (INP) (Meyer 1952) . However, we observed a significant difference in the diameter distribution between the two sites, individuals with a CBH > 70 cm being found only in the INP. Although the FSM has a history of human disturbance, no timber extraction or other type of human activities has taken place there in the last 60 years. Nevertheless, this lack of large individuals may be due to mortality of older, larger individuals after intense disturbance or by timber extraction, as observed in remnants of Amazon rain forest (Laurance et al. 2000) and submontane Atlantic Forest (Carvalho & Nascimento 2009 ). Therefore, the exclusion of individuals of the canopy could favor an increase in the number of small individuals, suggesting that there was a change in the successional processes and in the current structural conformation in this forest fragment. The results obtained in the present study seem to agree with some premises of the intermediate disturbance theory, showing, as expected, an increase in diversity in the area with a known history of disturbance (the FSM) in relation to a more conserved one (INP). It would be useful to investigate a third area, with very high disturbance, to have a comparative that could confirm the hypothesis, because other potential determinants were not evaluated. In the FSM, the increased diversity is related to the increase in species richness. The FSM also showed a pattern of individuals in the smaller diameter classes, which is likely attributable to the extraction of large individuals during the anthropogenic process of forest modification.
and Fazenda Santa Maria RPPN (FSM), basal areas for species in INP ((AB(INP)) and FSM (AB(FSM)) and importance values for species in INP (V(INP)) and FSM (V(FSM)).
Family
Scientific names SG INP FSM AB(INP) AB(FSM) V(INP) V(FSM)
Acta bot. bras. 28(4): 569-576. 2014. Table 3 . Number of species for successional groups: pioneers and non-pioneers; number of individuals for successional groups: pioneer and non-pioneer for Iguaçu National Park (INP) and Fazenda Santa Maria RPPN sites. According to values obtained by chi-square and p. Numbers followed by * differed significantly from the number in the same column with p<0.05 using the chi-square (χ²) test.
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